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Introduction
This paper is devoted to the study of the ordering processes in substoichiometric transition metal carbides and nitrides, MX1-,, which crystallize with the NaCI structure (the transition metal atoms, M, occupying one FCC sublattice whereas the carbon or nitrogen atoms, X, occupy the other one, referred to as « interstitial »). In most of these compounds, vacancies appear on the interstitial FCC lattice only [1, 2] .
Under certain conditions (annealing temperature and duration) these vacancies may order [3] . Most of the long range ordered phases observed in this case (on the interstitial sublattice) are analogous to those predicted, for FCC substitutional alloys, by theoretical calculations using an Ising model with pair interactions limited to first and second neighbours (Vi, V 2) [4] [5] [6] . An appealing particularity of the ordered structures observed in the case of carbides and nitrides is that some of them have never been observed in the substitutional alloys. These observations strongly suggest, firstly that an analysis in terms of pair interactions of the ordering processes between vacancies is likely to be valid for substoichiometric NaCl carbides and nitrides, and secondly that the characteristics of these pair interactions must differ from those found in the case of FCC substitutional alloys. More precisely, one expects a (V1' V2) diagram to be relevant for the interstitial compounds knowing that it was not for the corresponding substitutional alloys [6] . Our [67] [68] . From this point of view, the metal sublattice is ignored in the atomic description of the model (it will, of course, reenter the problem in the calculation of the electronic structure). In this Ising model, the configurational part of the energy [9, [69] [70] [71] [72] and up to the fifth neighbour on the BCC one [73] . The [74] Kanamori [4] and Allen and Cahn [5] for substitutional FCC alloys) is shown in figure 1 taken from an LCAOfit of NbC [76] . gdm is the origin of energies. [76] and others [77, 78] . It is clear from the partial p and d densities of states of figure 2 that the well separated minority band which can be seen below the majority one is essentially of 2s character. This « 2s » band contains about 2 electrons and can be omitted when interested in cohesive properties, in which case we set : ss a = spa = sda = 0. Klima [79] and Faulkner [80] ). This summation can be easily performed by using special points in this Brillouin zone [81] . We have thus calculated G and then GX and E, by summing over ten special k points of (1/48)th of the FCC Brillouin zone, having checked that using a larger number of k points (60) Fig. 3 ) for carbides (X = C).
The stability energies AE.1,;-b" (n = 2 -4) which are derived from these densities of states are shown in figure 4 (see also Ref. [68] Table I and Fig 1) . In spite of these satisfactory results, this method present two major drawbacks. First, it is easily realized from figure 4 that the order of magnitude of the stability energies is about one hundredth that of the band [7] [8] [9] [69] [70] [71] [9] ) which can be understood from arguments based on the moments yp of the density of states [67] Actually, the relative orders of magnitude and numbers of zeros of these interactions can be related, at least qualitatively, to the topology of the lattice and to the anisotropy of the d-d and p-d orbitals. In the case of carbides, the most important hopping integrals are those linking a metal atom to another metal atom or to a carbon atom (see Table II ). For simplicity, we can forget -in a first step -the hopping integrals between carbon atoms. In this case, the first moment which depends on the C-configuration (it must at least include two distinct C sites) is the fourth moment (,u4) which involves four p-d hoppings. Then, for a given concentration, all the ordered (and the disordered) structures have the same po, Ill' 112 and 113 and the differences in energy DE tab between these structures can be written [85] where cplNe) is an oscillating function of the band filling N,,, independent of the ordered structures n-m ; more precisely, qJi(N e) presents at least (i [67, [86] [87] 83] Figs. 5 and 6b) . As for the shape of V1, the absence of zeros in figure 6b comes from the contribution of C-C hopping integrals that we have neglected in our qualitative arguments. These integrals introduce a 692 contribution ({ 4-6-4 } path) which is not negligible compared to the small 6/,t4 contribution to V I and presents no oscillation (p2(Ne) has no zero). This leads to the schematic results of figure 6b which are fairly well reproduced by our calculations.
Another important information given by figure 5 is the influence of vacancy concentration on these pair interactions. The problem now is to justify the pair interaction expansion of the energy in equation (11) figure 7 (where the summation in Eq. (18) has been truncated to the fourth neighbour) show that the agreement between the «exact» calculation (Eq. (17)) and the (18)) generalized perturbation method (Eq. (18) ) is at least as good as in the case of substitutional alloys [9] . Note that the curves of figure 7 give a nice illustration of the interest of the generalized perturbation method which allows us to calculate energy differences directly. Indeed, from a numerical point of view, the exact curve actually requires the knowledge of about twenty times as many points in energy as for the pair interaction curve, in order to achieve the same kind of accuracy.
Another way to justify this pair interaction expansion is to compare the stability energies between various ordered structures calculated in § 4.1 (AEr"-' Eq. (10)) with those obtained as sums of pair interactions (Eq. (14)). This comparison is illustrated in figure 4 for n = 1 (CuPt) and m = 2-4 (CuAu, A2B2 and segregation). Here also the agreement is as satisfactory as for substitutional alloys [70] .
Finally, let us point out that the agreement between the « exact » and « approximated » curves of figures 4 and 7 is not appreciably modified by truncating the summations in equations (14) and (18) to the second neighbour pair interaction instead of the fourth one. Therefore it is justified not only to use the pair interactions defined by equation (13) Table III ). We have performed the calculations for two values of the ratio (pd1t/pdu) : -0.56 (Schwarz's parameters) which is well suited to the case of carbides (see Fig l0a) and -0.3 which displays the physical change when going from carbides to nitrides (Fig. lOb) . From the comparison between both diagrams, it is clear that varying this ratio is of small importance in the case of carbides which are characterized by a large positive value of Y2 and a small value of Y I, the sign of which is not unambiguously determined As for nitrides, the main effect is a reduction of Y2 (which can even change sign) and an increase of Y1 which becomes positive (see Fig. i ob) . The [88] from the short range order parameters measured by neutron diffuse scattering experiments [28, 29] . This treatment leads to a very small value of Y 1 (Yixp 0+), negligible if compared with Y2. which is in good agreement with our results (see Fig. 10 ). Unfortunately,, the experimental value of Y2 is much smaller than the theoretical one (f72" --4 ViXP). In other words the ordering transition temperature deduced from our calculation for Ti2 C is too high (an order of magnitude of Tc, for an Ising model with Y1 = 0, is given by :
kT,c = 1,1 Y2 and T,"P --1 000 K for Ti2C Table I ). Note that the same analysis [88] of similar experiments on Nb2C [28, 29] 
